BACKGROUND. The extent of weight loss among patients undergoing bariatric surgery is highly variable. Herein, we tested the contribution of genetic background to such interindividual variability after biliopancreatic diversion with duodenal switch.
Introduction
Bariatric surgery in any of its modalities represents nowadays one of the most effective weight loss treatments for individuals with severe obesity (1) . However, the degree of weight loss in response to the surgery is subject to a high variability (2) . A number of factors have been previously identified as having a significant role in such interindividual variability. Among them, presurgical body mass index (BMI), age, or sex consistently stand as the most relevant determinants of the heterogeneous response to the weight loss surgery (3, 4) .
Other underlying factors such as genetic background have emerged as potentially relevant for bariatric surgery outcomes (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . Studies reporting on the impact of genetic makeup on postsurgery weight loss have generated variable results, depending on the type of surgery (14, 15) or the statistical methods used to evaluate weight loss (5, 6, 8, 9) and the genetic variants analyzed (10) (11) (12) (13) .
In the present study, we aimed to test the contribution of genetic factors to the interindividual variability observed in weight loss after bariatric surgery, specifically biliopancreatic diversion with duodenal switch. For that, two different statistical methods previously validated for the study of weight loss dynamics were applied to analyze weight loss after biliopancreatic diversion with duodenal switch (5, 6) . In order to focus BACKGROUND. The extent of weight loss among patients undergoing bariatric surgery is highly variable. Herein, we tested the contribution of genetic background to such interindividual variability after biliopancreatic diversion with duodenal switch.
METHODS.
Percentage of excess body weight loss (%EBWL) was monitored in 865 patients over a period of 48 months after bariatric surgery, and two polygenic risk scores were constructed with 186 and 11 (PRS 186 and PRS 11 ) single nucleotide polymorphisms previously associated with body mass index (BMI).
on a relatively large and straightforward sample of genetic variants, we selected SNPs previously associated to BMI in prior GWAS and meta-analyses. Regarding the type of surgery, Roux-en-Y gastric bypass and laparoscopic adjustable gastric banding stand among the most extensively studied (16, 17) . In the present study, we focused on biliopancreatic diversion with duodenal switch, a surgery recognized for its particular effectiveness in inducing durable weight loss and metabolic improvements, including type 2 diabetes remission and lipid profile normalization (18, 19) . Yet not all patients undergoing biliopancreatic diversion with duodenal switch show equal benefits after surgery, with a number of patients exhibiting reduced weight loss (20) . We tested the hypothesis that the contribution of genetic factors in the form of polygenic risk scores to postsurgery weight loss is significant, even in response to one of the most effective bariatric operations.
Results
Bariatric patients. Of the initial 865 patients undergoing biliopancreatic diversion with duodenal switch, 5 were excluded from follow-up analyses due to a low overall call rate (<85%) after analysis of genotyping data ( Figure  1 ). During the follow-up, 11 deaths occurred (1.4%), including two within the first 3 months after surgery (duodenal fistula after open surgery and suicide after laparoscopy). Since patient recruitment extended from 2008 to 2015, several time points were missing for certain subjects, with initial postsurgery weight data completeness varying from a maximum of 89.4% at 12 months to a minimum of 0.9% at 96 months after surgery. Thus, a total of 67 patients were excluded from trajectory analysis due to follow-up attrition (Figure 1 ). After patient exclusion, the first 7 follow-up time points (3, 6, 12, 18, 24, 36, and 48 months) fulfilled the 50% completeness requirement and were further analyzed ( Table 1 ). The final cohort of 793 bariatric patients was composed Weight loss trajectory group analysis. The fitting procedure resulted in a final model where Bayesian information criterion (BIC) was minimized by estimating the percentage of excess body weight loss (%EBWL) trajectories of all the 793 patients for 3 different groups and by fitting the trajectories with cubic functions of time. Significant variables influencing the probability of %EBWL trajectory group assignment (initial BMI, sex, age, and surgery modality) were included in the final model. A total of 26 patients showed posterior probabilities of group membership less than 0.7 and were excluded from further analyses (Figure 1) . The 767 remaining patients ( Figure 2A ) were assigned to 3 trajectory groups depending on %EBWL as follows: high weight loss (HWL), normal weight loss (NWL), and low weight loss (LWL), representing 28.2%, 52.7%, and 19.2% of patients, respectively ( Figure 2B ). The mean posterior probabilities for belonging to each group were 0.94 HWL, 0.95 NWL, and 0.96 LWL. A Wald test showed that the 3 trajectory groups were significantly and mutually different (χ 2 = 369.0; P = 2.3 × 10 -16 ). In order to test the ability of the prediction model to identify patients with a reduced weight loss response to the surgery, patients from the LWL group were compared with patients from the HWL and NWL groups, who were reassigned into a unique group (HWL+NWL) (Figure 1) .
Multivariable weight loss binary logistic model. A significant association of surgery modality, sex, initial BMI, and age with %EBWL trajectory group assignment was found in the multivariable binary logistic regression. The probability of belonging to the LWL group was significantly lower in women as compared with men (odds ratio [OR] = 0.51; 95% CI = 0.31-0.85; P = 0.01), as well as in laparoscopy patients as compared with open surgery patients (OR = 0.19; 95% CI = 0.12-0.31; P = 5.03 × 10 -11 ) ( Table 2) . By contrast, the linear trend test used to analyze the effect of quantitative variables showed that the probability of belonging to the LWL group rose with increasing initial BMI (OR trend = 1.20; 95% CI = 1.16-1.25; P = 1.51 × 10 -23 ) and age (OR trend = 1.04; 95% CI = 1.01-1.06; P = 0.002) ( Table 2 ). In other words, patients showing a reduced weight loss response to bariatric surgery were older and had higher initial BMI than patients exhibiting a normal or high-weight-loss response. Moreover, patients with a reduced weight loss response were overrepresented by men undergoing open surgery ( Table 2) .
Impact of polygenic risk scores on weight loss trajectory prediction. Independent association tests carried out by binary logistic regression revealed that of the 186 SNPs analyzed, only 11 showed a significant association (P < 0.05) with %EBWL trajectory group assignment (Supplemental Table 3 ; supplemental material available online with this article; https://doi.org/10.1172/jci.insight.122011DS1). Among the 5 SNPs significantly associated to the LWL group, 3 were mapped to the MC4R locus. On the other hand, the most highly represented locus within the 6 SNPs significantly associated to the HWL+NWL group was BDNF, with 4 SNPs mapped to this gene. Two weighed polygenic risk scores were then constructed, one including all the SNPs tested (PRS 186 ) and the other including only the 11 significantly associated SNPs (PRS 11 ). Both polygenic risk scores were independently tested into the final %EBWL logistic model, including all variables significantly associated with %EBWL trajectory group assignment (initial BMI, sex, age, and surgery modality) as confounding factors. The linear trend test demonstrated a significant association of PRS 186 (OR trend = 1.06; 95% CI = 1.04-1.08; P = 1.02 × 10 -9 ) and PRS 11 (OR trend = 1.10; 95% CI = 1.04-1.16; P = 4.53 × 10 -4 ) with an increased probability of being in the LWL trajectory group ( Figure 3A) . Figure 3B shows the predictive value of the %EBWL trajectory group, determined as the area under the ROC curve adjusted for optimism by bootstrapping (AUC adj ), displayed by PRS 186 alone (AUC adj = 0.711) and PRS 11 alone (AUC adj = 0.632). The predictive Figure 3C , the risk of belonging to the LWL group rose with increasing initial BMI. In parallel, increasing values of both PRS 186 and PRS 11 enhanced the risk of belonging to the LWL group at lower initial BMI, while decreasing values led to the opposite effect. The final model including all the significant predictors (surgery modality, sex, age, and initial BMI) displayed a strong predictive power (AUC adj = 0.867) ( Figure 3D ). The addition of the PRS 186 significantly increased the predictive value of the final model (ΔAUC adj = 0.021; 95% CI diff = 0.005-0.038), but the inclusion of the simplified PRS 11 did not (ΔAUC adj = 0.008; 95% CI diff = -0.003-0.019) ( Figure 3D ). Significant improvements in net reclassification index (NRI = 0.638; 95% CI = 0.466-0.809; P = 2.9 × 10 -13 ) and integrated discrimination index (IDI = 0.066; 95% CI = 0.041-0.091; P = 1.7 × 10 -7 ) were also observed after the addition of PRS 186 to the final model. Similar but weaker improvements in reclassification indexes were observed after the addition of PRS 11 in both NRI (0.279; 95% CI = 0.103-0.455; P = 0.002) and IDI (0.016; 95% CI = 0.003-0.029; P = 0.01). Bootstrapped calibration curves relating predicted and actual probabilities (Supplemental Figure 1) showed that the mean absolute error (MAE) exhibited by the model without genetic information (MAE = 0.014) were minimized after the inclusion of PRS 186 (MAE = 0.004) but not PRS 11 (MAE = 0.017). 
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Multivariable weight loss linear mixed model. The accuracy of different multivariable linear mixed models of %EBWL over time was estimated by maximum likelihood. Different weight loss models with %EBWL as the dependent outcome were fitted by including predictor variables showing statistical significance when tested in a univariate model, as well as postsurgery time interactions. The initial model only considering significant fixed effects showed a relatively inaccurate fit (r 2 = 0.68) ( Figure 4A ). A large and significant improvement in model accuracy was shown when random effects were added to the model (-2 log-likelihood = 1,050.1; P < 0.0001) ( Figure 4A ). The final model showing the best goodness of fit (r 2 = 0.94) included postsurgery cubic time, age, sex, initial BMI, and surgery modality, as well as time interactions for initial BMI and sex as fixed effects. Intercept and postsurgery cubic time terms were included as random effects with an unstructured covariance matrix. A significant increase in the overall model fit was observed after the inclusion of both PRS 186 (-2 log-likelihood = 12.26; P = 0.002) and PRS 11 (-2 log-likelihood = 9.87; P = 0.007). Moreover, a significant interaction with postsurgery time was shown for both PRS 186 (β = -0.0032; P = 0.008) and PRS 11 (β = -0.0079; P = 0.03), revealing a significant difference in %EBWL change over time across increasing polygenic risk score values. Figure 4B illustrates the impact of both PRS 186 and PRS 11 on %EBWL at the end of the follow-up period. At 48 months and for the standard patient, defined as a 42 years old female laparoscopy patient with an initial BMI of 50, PRS 186 represents a 14.2%EBWL (3.6 BMI units) difference between its extreme values, while PRS 11 was responsible for 8.5%EBWL (2.4 BMI units). The significant postsurgery time interaction shown by PRS 186 and PRS 11 is also shown in Figure 4C , where the dynamic effect of PRS 186 and PRS 11 over time on the %EBWL of the standard patient is shown.
Cost-effectiveness of polygenic risk score inclusion into the prediction model. Finally, we further estimated the clinical significance of the inclusion of PRS 186 and PRS 11 in the predictive model. Using the mean 23%EBWL (5.8 BMI units) difference observed between LWL and HWL+NWL patients at the end of the follow-up period, we first adjusted bariatric surgery effectiveness data, determined as quality-adjusted life-years (QALY), from the Canadian Agency for Drugs and Technologies in Health (CADTH) report (21) (Table 3 ). In health and economic terms, and assuming a sustained 23%EBWL difference, HWL+NWL patients would represent incremental cost-effectiveness ratio (ICER) reductions of $80,335, $53,865, and $39,056 per QALY, at time horizons of 10 years, 20 years, and lifetime, respectively, as compared with LWL patients (Table 3) . In other words, the incorrect assignment of LWL patients to the HWL+NWL group, or false negatives (FNs), was estimated as 5 times as costly as false positives (FPs), i.e., HWL+NWL patients incorrectly assigned to the LWL group (Table 3) . Cost curves were then created including this misclassification cost ratio. As shown in Figure 5A , optimal cutoff values minimizing misclassification cost were 0.21 for the final model before adding genetic information, 0.12 after the inclusion of PRS 186 , and 0.14 for the model including PRS 11 . At these probability thresholds, the sensitivity of the prediction model including a polygenic risk score was higher than that of the model without it, with the number of LWL patients incorrectly assigned to the HWL+NWL group decreasing around 50% after addition of both polygenic risk scores. In concrete 
Discussion
In the present study, we took a straightforward approach to construct two BMI-associated polygenic risk scores and test their predictive ability toward weight loss trajectory after biliopancreatic diversion with duodenal switch. Our results show that genetic background has a significant impact on weight loss after bariatric surgery and improves weight loss prediction before the surgery. A dual methodology was used to analyze the impact of BMI-associated polygenic risk scores on postsurgery weight loss. First, a semiparametric trajectory-based analysis was used to stratify patients into high and low responders to the surgery in terms of %EBWL. This methodology has been broadly used to analyze longitudinal weight loss data (2, 5, 6) and has been demonstrated to be an accurate method to estimate weight loss over time. In this study, 3 different %EBWL groups were generated by trajectory analysis. The group of low responders (LWL) was composed of about 20% of patients. Similar results have been obtained in previous studies analyzing clinical outcomes of bariatric surgery (20, 22) , which makes biliopancreatic diversion with duodenal switch a very successful weight loss therapeutic option with regard to the extent of weight loss and long-term weight loss maintenance (23) . The relatively moderate impact of polygenic risk scores on weight loss in the present study could be due to the fact that biliopancreatic diversion with duodenal switch is a very effective surgery, which probably explains why the benefit of adding a polygenic risk score to prediction models, though significant, is not as strong as expected. Indeed, the individuals labeled as low responders in the present study had an estimated %EBWL of 67.6%. We propose that the genetic scores generated in the present study are likely to be even more significant with surgeries or other weight loss approaches generating more variable responses. In any case, initial BMI was the strongest variable affecting trajectory group assignment, as previously reported (24) , leaving only a small portion of the variance to be explained by other predictors.
The second methodology used to test the impact of polygenic risk scores on postsurgery weight loss was a multivariable linear mixed model that returned a more comprehensive value of the actual genetic effect on %EBWL. Moreover, testing the genetic effect over several postoperative time points allowed us to reveal a significant interaction between polygenic risk scores and time after surgery. This is particularly interesting, since it shows that the observed predictive value of polygenic risk scores on %EBWL group trajectory assignment is mediated not by their potential association with initial BMI, but through a continuous effect on weight loss over time. Thus, one interpretation for the significant interaction between postsurgery time and polygenic scores is that weight loss variability could be predicted presurgically by polygenic risk score levels, independently of initial BMI, as illustrated in the present study. Similar results but of lower magnitude have 
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been observed in previous studies (25) (26) (27) (28) . In this regard, the main distinctive feature of the present study resides in its use of genome-wide BMI-associated SNPs, which a priori should warrant an eventual impact of polygenic risk scores on weight loss dynamics. Interestingly, a large percentage of BMI-associated SNPs analyzed in this study showed a significant association with greater weight loss over time. In this regard, it is worth highlighting that the MC4R and BDNF genes carried the highest number SNPs independently associated to %EBWL, but with opposite directionality of effect. Interestingly, whereas the SNPs mapped to MC4R were associated to a lower predisposition to weight loss, those mapped to BDNF showed a significant association with greater weight loss in response to surgery. Such within-gene directional consistency of SNP effects supports the notion that biliopancreatic diversion with duodenal switch induces pathway alterations. Accordingly, previous studies have shown that metabolic improvements obtained through bariatric surgery are mediated by the induction/suppression of specific metabolic pathways, which would lead to uncovering/ masking SNP effects after surgery (29) (30) (31) . Presurgical evaluation of patients with severe obesity markedly depends on cost-effectiveness analysis. In this regard, the clinical interpretation of the significant improvements in the predictive power of the model observed after the inclusion of PRS 186 and PRS 11 must be taken with some caution. In order to assess the clinical utility of polygenic risk scores, an estimation of ICER-per-QALY gain was derived from CADTH report data (21) . Assuming a linear association between QALY gain and BMI decrease, a sustained BMI difference between LWL and HWL+NWL groups, and no further changes in BMI occurring in any group beyond 10 years (21), the incorrect assignment of a LWL patient to the HWL+NWL group was estimated to be 5 times as costly as to assign an HWL+NWL patient to the LWL group at each time horizon analyzed. One interpretation of these results is that health benefits from bariatric surgery in LWL patients are less evident than in HWL+NWL patients, possibly leading to increasing health costs. Although the actual cost of genotyping has not been included as a factor in this analysis, the growing demand for diagnostic genotyping should tend to decrease it, improving the cost-effectiveness of genetic testing in the presurgical evaluation of bariatric patients. Taken together, these promising results emphasize the need to deepen the clinical utility of polygenic risk scores, by validating results in larger and heterogeneous study samples, as well as by using a large number of genetic variants, which will help in the decision-making about whether it is worth including genetic background in presurgical evaluation procedures.
Since the exclusion of patients with any of the follow-up data missing could have introduced selection bias and given the ability of the Proc Traj modeling to handle random missing data, we resolved to include those patients with at least 3 follow-up time points. Moreover, in order to minimize misclassification error, a posterior probability of class assignment equal or greater than 0.7 was established (32) . As previously stated, patient recruitment for the present study was extended from 2008 to 2015, leading to a high level of attrition for patients enlisted at the end of the recruitment period. In order to keep most follow-up time points without losing too much data, we set an additional 50% completeness as inclusion threshold per time period. We acknowledge this as a limitation of the dataset, since long-term applicability of the prediction model cannot be determined based on available data. Nevertheless, although more genetics-based long-term weight-loss analyses are expected in the field, results presented herein are relevant enough to point out genetic background as a factor worth considering when assessing bariatric surgery eligibility.
In conclusion, genetic background in the form of BMI-associated polygenic risk scores has shown to be a significant predictor of weight loss trajectory after biliopancreatic diversion with duodenal switch. On the one hand, the significant association found between polygenic risk scores and %EBWL trajectory group assignment supports a role for genetic background in the interindividual variability observed in weight loss after biliopancreatic diversion with duodenal switch. On the other hand, the significant interaction found between polygenic risk scores and weight loss evolution over time suggests that patients with different genetic backgrounds are losing weight over time at different rates, supporting a significant impact of genetics on postsurgery weight loss. Taken together, these results open the door to more in-depth studies about the impact of genetic background on postsurgery weight loss dynamics. Finally, the results suggest that genetic testing could potentially be included as a complementary tool in the presurgical assessment of patients with severe obesity.
Methods
Study participants. A total of 865 patients with severe obesity (BMI ≥35 kg/m 2 ) undergoing biliopancreatic diversion with duodenal switch between February 2008 and March 2015 at the Bariatric Surgery Clinic of the Quebec Heart and Lung Institute were included in the present study. Fasting blood samples for measurement of metabolic parameters and DNA isolation were taken preoperatively. On the eve of the surgery, height and body weight were measured and used to calculate the initial BMI as the weight in kilograms divided by the square of the height in meters. Body weight was further measured during postoperative visits or phone calls thorough a follow-up period of 8 years. %EBWL was then calculated at each follow-up time point (3, 6, 12, 24, 36, 48, 60, 72, 84 , and 96 months) as the difference between actual body weight loss (calculated initial BMI minus actual BMI) and ideal body weight loss (calculated as the initial BMI minus ideal BMI fixed at 25 kg/m 2 ). Patients underwent one of the two surgical modalities of biliopancreatic diversion with duodenal switch: open surgery or laparoscopic surgery. The surgical protocol, blood sample collection, and standardized procedures to measure anthropometric and metabolic parameters are described elsewhere (33) . All study participants provided written informed consent. Blood samples for DNA extraction were obtained from the Biobank of the Quebec Heart and Lung Institute according to institutionally approved management modalities.
SNP selection and genotyping. SNPs previously associated with BMI were selected from the NHGRI-EBI GWAS catalog (34) by using "body mass index" as both search term and disease/trait filter. A total of 167 significantly BMI-associated SNPs (P < 5 × 10 −8 ) and 24 SNPs suggestively BMI-associated SNPs (P < 1 × 10 −6 ) were selected from 15 previous GWAS and 5 GWAS meta-analyses. The complete list of SNPs and GWAS is shown in Supplemental Table 1 . Selected SNPs were then genotyped in the entire cohort of 865 patients by using TaqMan probes (Applied Biosystems). Genomic DNA was extracted from the blood buffy coat using the GenElute Blood Genomic DNA kit (MilliporeSigma). Genotypes were determined using 7500 Fast Real-Time PCR System (Applied Biosystems) and analyzed using a high-throughput array technology QuantStudio 12K Flex System, coupled with TaqMan OpenArray Technology (Life Technologies). Inclusion criteria for BMI-associated SNPs were a minor allele frequency (MAF) >1%, call rate >95%, and Hardy-Weinberg equilibrium (HWE) P > 2.6 × 10 -4 . Sample quality, call rate, allele frequencies, and HWE tests were assessed using PLINK 1.9 (35) . A total of 5 SNPs were excluded based on HWE and MAF criteria, leaving 186 SNPs for statistical analyses and polygenic risk score construction (Supplemental Table 2 ).
Statistics. In order to identify patients with a reduced postsurgery weight loss response, bariatric patients following similar %EBWL trajectories after surgery were first grouped by semiparametric trajectory analysis. Second, based on %EBWL trajectory groups, a predictive model of weight loss response to the bariatric surgery, including clinical, demographic, and genetic factors (polygenic risk scores), was assessed by binary logistic regression. Finally, a multivariate linear mixed model was further fitted in order to assess %EBWL evolution over time and to test the impact of polygenic risk scores on %EBWL interindividual variability. Clinical and demographic variables (surgery modality -open surgery vs. laparoscopy -sex, age, initial BMI, presence of diabetes, and smoking status) were tested independently and added to the models when showing statistical significance (P < 0.05).
Weight loss trajectory analysis. Postsurgery weight loss (%EBWL) trajectories were estimated for each patient by latent class growth analysis implemented using Proc Traj (36, 37) in SAS 9.4 (SAS Institute Inc.). Briefly, the Traj procedure is a semiparametric, group-based modelling technique able to identify groups of individuals following distinct longitudinal trajectories for a given repeatedly measured variable (37) . Weight loss trajectory groups identified by latent class growth analysis are then estimations of multiple patterns of change within the population, and not reified groups. Thus, in order to mitigate misclassification, we set the posterior probability threshold to 0.7 to determine a correct class membership assignment, as previously reported by Nagin (32) . Proc Traj is able to handle data that are missing completely at random (32) , yet 3 time points per subject was set as inclusion criteria. Moreover, in order to minimize classification error, follow-up time points with less than 50% completeness were excluded from weight loss trajectory analysis, leaving 7 postsurgery time points (3, 6, 12, 18, 24, 36 , and 48 months) to be used for class estimation. Trajectory model selection was iterative, and class assignment was estimated based on minimizing BIC, which is the model log-likelihood adjusted for sample size and number of parameters (37) . Briefly, model fitting started with one group on a linear pattern, and complexity (number of groups and equation degrees) was added until BIC was minimized. The number of groups was limited to a minimum class membership of 5% of patients. The model with the smallest BIC, satisfying class membership criteria and including all the significant predictor variables, was used to estimate the posterior probabilities of %EBWL group assignment. Finally, the resulting groups allowed categorization of patients as a function of %EBWL.
Weight loss binary logistic model. Results from trajectory analysis were further used to develop a binary logistic regression model for predicting the probability of %EBWL class assignment. First, %EBWL trajectory groups were reassigned into a binary category, in order to build a prediction model able to accurately identify patients having a reduced weight loss response to surgery. Then, clinical and demographic factors were tested and added to the model when significant (P < 0.05). Finally, the impact of genetic background, in the form of polygenic risk scores, on the model's predictive value was tested. Results were adjusted for optimism by bootstrapping (n = 1,000), obtaining bias-corrected 95% CI diff for further AUC adj comparison, ultimately used to determine the overall performance of the different predictive models. The added predictive value of different models was tested by calculating the differences between bootstrapped AUC adj , which was considered significant when the 95% CI diff did not contain zero. The NRI and IDI were also used as complementary indexes to evaluate the net effect of adding a polygenic risk score to the prediction model (38) . Calibration was evaluated through calibration plots obtained after 1,000 bootstrap replications, in order to determine the MAE of model predictions (39) . Model comparison was performed in R by using the "Hmisc" and "rms" packages.
Longitudinal weight loss linear mixed model. Longitudinal %EBWL data were further fitted by using a linear mixed model with an unstructured covariance matrix where patients were nested by %EBWL trajectory group. Linear mixed models including significant predictor variables, and time interactions were fitted by using maximum likelihood estimation. A likelihood ratio test (LRT), computed as twice the difference in the log-likelihood between models (-2 log-likelihood), was used to determine whether the inclusion of polygenic risk scores significantly increased the goodness of fit of the model.
Polygenic risk scores. The most accurate binary logistic regression model was used to test the predictive value of polygenic risk scores in determining %EBWL group assignment. Univariate associations between genotyped SNPs and %EBWL trajectory groups were first tested by binary logistic regression. Results from association tests led to the construction of two weighted polygenic risk scores by summing the number of alleles of all the 186 BMI-associated SNPs (PRS 186 ) multiplied by their OR. A simplified polygenic risk score, including only the 11 SNPs (PRS 11 ) significantly associated with %EBWL group, was also constructed. The sum of weighed alleles resulted in two continuous polygenic risk scores, whose predictive value of %EBWL was subsequently and independently tested in both the logistic and the linear mixed models. First, the linear trend of association of polygenic risk scores with %EBWL group was evaluated, as well as the increase in the predictive power of the logistic model after the inclusion of either PRS 186 or PRS 11 . Further, the effect of polygenic risk scores on the overall fit of the linear mixed model and their interaction with time postsurgery were also tested to evaluate their impact on the evolution of %EBWL over time. The logistic model and the linear mixed model were implemented with Proc Logistic and Proc Mixed, respectively, in SAS 9.4.
Cost-effectiveness analysis of polygenic risk scores. In order to test whether the potential improvements of the predictive power observed after the inclusion of polygenic risk scores were clinically relevant, a cost-effectiveness analysis was carried out. Before performing the analysis, two relevant aspects were taken into account given the nature of the data. First, biliopancreatic diversion with duodenal switch is a highly successful bariatric surgery, thus leading to an unbalanced study population, with the vast majority of patients being assigned to the HWL+NWL trajectory group. Then, instead of comparing the performance of models by means of Youden's index, which is not appropriate for unbalanced datasets (40) , prediction models were compared at optimal probability cutoff values minimizing misclassification costs. Second, the different health and economic cost of incorrectly assigning a patient to the LWL or the HWL+NWL trajectory group (FN) and vice versa (FP) was estimated by using data from the CADTH report on the clinical and cost-effectiveness of bariatric surgery procedures (21) . In concrete terms, ICER per QALY gained for biliopancreatic diversion compared with standard care by time horizon was used herein for assigning different costs to FN and FP. The %EBWL difference between the LWL and HWL+NWL groups at the end of the follow-up period was used to perform ICER (cost/QALY) estimates from the CADTH report. The misclassification cost ratio was obtained as the ICER ratio difference between LWL and HWL+NWL groups, and further included in a cost function, leading to the construction of cost curves for each model. Probability cutoff values were selected from cost curves at the lowest misclassification cost point for model comparison purposes. All cost-effectiveness analyses were performed using R (version 3.4.3).
Study approval. This study was conducted in accordance with the Declaration of Helsinki and approved by the Université Laval and Quebec Heart and Lung Institute ethics committee. Written informed consent was received from participants prior to inclusion in the study.
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